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Preliminary Investigation of the Suitability of Coir
Fibre and Thermoplastic Waste as a Construction
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Abstract: Waste polyethylene creates serious environmental and social problems in Sri Lanka.
The amount of waste polyethylene increases daily, further aggravating environmental and social
issues. Finding out the most suitable solution for this is a vital requirement. This research focuses on
investigating the possibilities to convert this waste polyethylene as a sustainable construction material
by combining it with readily available coconut fibre. A preliminary investigation was carried out on
thermoplastic/coconut fiber composites to evaluate their suitability in the construction industry.
Composite sheets, 2.5 mm and 3.2 mm thick, were developed by varying coir fibre weight with a
suitable polymer matrix using a hot press machine. In this step, mechanical properties of the
composite material were measured through tensile and bending tests. The tests were carried out
complying with ASTM D3039 and ASTM D790, respectively. The surface morphology of coir fiber and
the fractured surface of failure material were investigated through Scanning Electron Microscopy
(SEM). Maximum tensile strength was observed as 6.75 N/mm? when the coir wt. fraction is in-
between 20-30% by total weight. The maximum bending strength was 29.85 N/mm? when the coir
fraction is almost 25% by total weight. The corresponding mechanical properties are compared with
the available materials in the industry.
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structural elements of the superstructure and
also sub-structure could be reduced [10].

Further, the massive deadweight coming from
burnt bricks, solid blocks, mud concrete blocks,
floor tiles, finishes, etc. to the frame structure in
the building could be reduced by using lighter
materials. This replacement of traditional
materials using lightweight composite panel
boards would significantly reduce the cost and
project duration in the construction industry.

The natural fibres are progressively utilized as
a reinforcement material due to their important
properties like low density, good thermal
insulation = properties, good  mechanical
properties, and low price, etc. [11], [12]. Several
types of natural fibres such as kenaf, jute, sisal,
flax, and hemp with thermoplastics like
polypropylene and polyethylene were studied
to manufacture composites as substitutes for
conventional synthetic fibres like glass fibres
and aramid [13], [14]. Among the natural fibres,
coconut fibre has a special interest in the
automotive industry due to its hard-wearing
quality and high hardness [15]. Further, it has

good  acoustic  resistance, = moth-proof
properties, nontoxic properties, and resistant to
microbial and fungi degradation [16].

Compared to other fibres, the coir fibres are
highly resistant to moisture than other natural
fibres and it has good resistance to withstand
heat also [17]. The selection of fibre type is
dependent on the production. However, brown
fibres are frequently used for research purposes
and they are extracted from outer shell of
matured coconuts [13]. Brown coir fibre is thick,
strong and has a high abrasion resistance [18].
Figure 1 shows a coconut tree and coconut
husk.
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Figure 1 - (a) Coconut Tree (b) Coconut Husk

This coconut fibre has more life due to its high
lignin content compared with other natural
fibres [17], [19]. It is a multipurpose, renewable,
and decomposable lingo-cellulosic fibre.

The varieties of products can be manufactured
by using coir fibre because of its lower bulk
density and lower thermal conductivity [20]. A
composite walling material could be developed
using coir fibre and this could be a good

solution to the environmental and energy
concern of building materials [21].

Coconut trees are cultivated in 12.05 million
hectare areas arround the world and the total
production of nuts has been 61.1 million per
annum in current years [13].

According to the official website of
International Year for Natural Fibres 2009,
nearly 500,000 tons of coconut fibres are
manufactured worldwide yearly, mainly in Sri
Lanka and India. Their total estimated value is
around USD 100 million. India and Sri Lanka
are the leading exporters, and Thailand,
Vietnam, the Philippines, and Indonesia are
next in place [18]. Thirty-six percent ( 36%) of
brown coir fibre production in the world is
done by Sri Lanka [22].

The diameter of coconut fibres given in
previously conducted research is in the range of
0.1-0.5 mm. The density of coconut fibre is
within 0.67-1.00 g/cm?®. Different research have
mentioned different tensile strengths values for
the coir fibres. However, it may be within the
15-100 N/mm? [18].

The major chemical compositions of the
coconut fibres are cellulose, hemicellulose, and
lignin. These compositions affect the properties
of the coconut fibres. Pre-treated fibres change
their compositions [18]. Five percent (5%)
NaOH solution is commonly used for the pre-
treatment process. [23].

Polyethylene (PE) is a thermoplastic polymer. It
is formed through the polymerization of an
ethylene monomer to form a long-chain
hydrocarbon compound [24].

Polyethylene is lightweight, taste-free, and
odor-free material. It has low water
permeability, higher impact resistance, good
resistance to organic solvents, and high
electrical resistance. However, due to its non-
biodegradability,  polyethylene waste is
harmfully impacting the land, water, air, and
the environment [25].

Accumulation of polyethylene in the soil
causes poor vegetation and low absorption of
water [26]. Polyethylene causes to increase the
temperature in the soil. Further, literature
states that polyethylene products can exist in
the environment for up to 1000 years [27].
Because of this, crops cannot grow well in
polyethylene-contaminated soil [28].
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The burning of polyethylene waste produces
unpleasant gasses and odors. Combustion of
polyethylene waste emits dust, which is an
airborne particulate emission [15]. The
combustion of both low-density and high-
density polyethylene has been found to
produce Volatile Organic Compounds (VOC)
such as paraffin, aldehydes and dioxins [29].
Plastics ingested by animals persist in the
digestive system and can lead to decreased
feeding stimuli [30]. Over 80 species of seabirds
have beenfound with plastics in their
gastrointestinal tracts. These animals with
plastic bags in their stomachs ultimately face
painful deaths [31]. As such, reducing usage,
recycling and reuse of plastics would create
positive impacts, both environmentally and
socially.

Many researchers have investigated coconut
fibre for different purposes. As an example, an
investigation has revealed that coir fibres used
as an insulation material for rooftops is more
effective than roof gardens on rooftops [32].

Further, the physical, mechanical, and thermal
properties of a composite roofing material
made from waste coconut fiber and oil palm
fiber mixed with cement components were
examined by researchers. They have proved
that these materials can be used as a roofing
material to minimize heat transfer of buildings
and to increase energy saving [33]. In another
study, the Medium Density Fibre-board (MDF)
developed from recycled rubber (tire tubes),
coconut fiber, filler material, and resins were
used to study mechanical properties and their
performance. These mechanical and physical
characteristics are needed for a variety of
applications, including the interior lining of
apartments, interior parts of aircrafts, sub
carpeting and interior wall surfaces [34].

In addition, one composite material was
developed with polyethylene covers and milk
packets reinforced with coconut fiber and
compared the properties with available
plywood. This developed material seems to be
more flexible than plywood and reveals good
water resistance properties. Hence, this
material was exploited as a suitable
replacement for plywood [35].

Researchers have also used coconut fiber (1200
kg/m® to make thermoplastic reinforced
composites as a replacement for high-cost and
heavy glass fibers (2500 kg/m3). This includes
the non-structural application of interior door
panels of automobiles [36]. The Polyethylene

Terephthalate (PET) derived from recycled soft
drinks bottles and river sand composite
material used as roof tiles were investigated.
The results of this investigation revealed that
the physical and mechanical properties of roof
tiles have good mechanical properties. It may
conclude that, the use of discarded bottles for
composite manufacturing is worthwhile, and it
may assist to reduce environmental difficulties
caused by PET bottles [37].

In the case of load-bearing or non-load bearing
solid walls, the axial load capacity, flexural
capacity, shear capacity, and water absorption
properties are considered. However, many
properties need to be checked in the composite
partition walls, such as impact resistance, flame
resistance, sound insulation, thermal properties
and durability, etc. [38].

According to literature, it is understood that the
use of waste polyethylene and abundantly
available coir is more significant. Therefore, this
research has been carried out to develop a
composite material by utilizing the readily
available coconut fibre as a reinforcement
material and waste thermoplastic as a matrix
material. Finally, this material would be
utilized as a partitioning board in the building
construction industry.

2. Aim and Objectives

The objective of this article was to determine
the properties of a thermoplastic polymer-coir
composite in order to develop a sustainable
non-structural construction material for the
industry. To fulfil this requirement, the widely
available coir fiber and waste polyethylene
were utilized. Finaly, the bending and tensile
properties of new composite material were
compared with existing similar composite
materials.

3. Materials and Methods

Brown coir fibre was used for this study. A
cleaning process was performed to remove
adhered dust and residual particles on the fibre
surface. Fibres were washed in running potable
water for around 30 minutes and exposed to a
natural drying process at room temperature. It
was placed in an oven under 30°C temperature
for 10 to 12 minutes. This process helps to
remove the remaining moisture on the fibre
surface [39].
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These cleaned coir fibres were used for the
production of composite material. Figure 2(a)
shows the coir used for this testing. Waste
polyethylene was collected from selected

factories and washed in clean water with
washing powder to remove impurities and
unwanted material. The cleaned polyethylene
was allowed to dry under natural air before
use. The polyethylene samples used for the
research are shown in Figure 2(b).

Figure 2 - (a) Coconut Fiber (b) Waste
Thermoplastic

31 Manufacture of Composite Material
The hand layup method was used to lay the
coir fibre on waste polyethylene sheets, and
a hot press machine was used to make the
composite material using the compression
molding technique. During this process, the
waste polyethylene and coir fibre were
compressed at a temperature of 140°C for
about 2 minutes. The mixing proportions of
coir and waste polyethylene are shown in
Table 1.

Table 1 - Sample Preparation Plan

g = = o

2 3 3 Bs: %
v £ 5 < 2% g8
= RC &% 288 | 2%
g £ 5 iz |29t | Ec
& 50 2£¥® SaR | Z&
1 1 9 10% 8
2 2 8 20% 8
3 3 7 30% 8
4 4 6 40% 8
5 5 5 50% 8

Eight sets of samples were prepared in each
mix proportion. Feeding the material to the
hot press was performed manually and it was
handled according to given safety precautions.
The hot press equipment is shown in Figure 3.

Figure 3 - Hot-press Equipment

Processed materials shown in Figure 4(a) were
cut into pieces by using a shredder shown in
Figure 4(b) and stacked uniformly in a mould
by hand layup technique. The shredding
operation helps to maintain the uniformity of
the material. The final composit material was
developed using this shredded material (Figure
4(c)). For this purpose, another hot pressed
machine was used. During this process, a
pressure caused by a 25 ton load was applied at
a temperature of 140° C for a duration of six (6)
minutes.

Figure 4 - (a) Processed Samples (b) Shredder
(c) Shredded Samples

Prepared composite boards, which are shown
in Figure 5, were then cooled down to room
temperature.

Figure 5 - Prepared Composite Board (a) With
Flashes (b) Final Product

3.2 Sample Preparation for Testing and
Testing Procedure

Six samples were prepared with dimensions of
250 mm length, 25 mm width and 2.5 mm
thickness according to ASTM D 3039 for the

tensile test, as shown in Figure 6.
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Figure 6 - (a) Tensile Test Equipment (b)
Samples After Tensile Test

Nine samples were prepared with dimensions
of 150 mm length, 12.7 mm width and 3.2 mm
thickness according to ASTM D 790-03 for the
bending test as shown in Figure 7.

Figure 7 - Three-Point Bending Load Test
3.3 Scanning Electron Microscopy [SEM]
Analysis

The morphology of the fractured surface of
tensile test samples was studied using SEM
"CARL ZEISS EVO 18 RESEARCH" equipment.
In the testing procedure, the sample was
mounted on stubs with silver paste. Then, a
thin film of platinum layer was vacuum-
evaporated to enhance the conductivity of the
samples. Figure 8 shows the SEM equipment.

Figure 8 - Scanning Electron Microscope
4. Results and Discussion

In the present work, untreated coconut fiber
with waste thermoplastic was used to prepare
the composite materials. The prepared
composite boards were analysed to determine
their bending and tensile properties. Then the
given properties were compared with available
similar composite materials.

41 Tensile Test

The test results obtained in the tensile strength
test were used to calculate the maximum
tensile strength at breaking point, elongation,
and tensile modulus with different fibre weight
fractions and are tabulated in Table 2.

Table 2 - Variation of Tensile Properties

28| . E

2l BET | ELEE -
2 = £z o5 EZ| & o =2 g
o B o= =] oD —~ = =] 2
g 290% 258l 58 g8
< 8 S35 32 2%5| 2¢g T3 g
A O &= Ehma| BE =333
1 10 5.00 27.20 18.38
2 20 6.64 48.40 13.72
3 30 6.46 10.70 60.33
4 40 512 6.10 84.01
5 50 3.50 6.10 57.38

The variation of tensile strength of composite
board versus different coir weight fraction is
graphically shown in Figure 9.

This indicates that tensile strength increases
with increse of coir weight fraction and then it
starts to decrease with further increment of coir
weight fraction. The maximum tensile strength
could be observed to be 6.75 N/mm? which
occurs when the coir weight fraction is between
20% - 30% of the total weight.

10 20 30 40 50

Tensile strength (N/mm?)
]

Coir fraction by wt (%)

Figure 9 - Variation of Tensile Strength With
Coir Fractions

According to the results, it can be seen that the
tensile strength decreases with increasing fiber
content. This is related to poor interfacial
adhesion between coconut fibers and the
polymer matrix [40].

The effect of tensile strength of the composite
with varying fiber length was investigated by
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Kuburi et al. [41] and it was observed that the
maximum tensile strength to be 7.1N/mm?
when the fiber length was 30mm. Their study
was carried out with low-density polyethylene
as matrix material and 15% weight of coir shell
powder as filler material. In that study, the
authors added 15% weight of filling material to
enhance the tensile properties. However, it
showed only a 5% increment when comparing
with the current study. Therefore, adding filler
material does not reveal the considerable
increment of tensile strength.

Another study was carried out to investigate
the tensile properties of a composite with sisal
fiber and polyethylene having 30% fiber
loading. The length was arranged to 5.8 mm.
Their results revealed that the tensile strength
at the end to be 14.7 N/mm? [42]. It indicates
that the fiber type will have a considerable
effect on the tensile strength.

4.2 Flexural Strength Test

The reults obtained in flexural strength test are
illustrated in Table 3. The variation of flexural
strength versus coir weight fraction is
graphically presented in Figure 10. The flexural
strength increases with the increase of coir
fraction up to 20% - 30%, and then it starts to
decrease due to further increment of coir
weight fractions. The maximum flexural
strength of 29.85 N/mm? occurs when the coir
weight fraction is 25%. This is supported by the
research of Rao and Rao [43]. According to their
observations, the flexural properties of coir
fibre reinforced composites are dependent on
the volume fraction of fibres within the
composite [43]. This relationship is important in
determining an optimal fibre content that
corresponds to the maximum flexural strength.

Table 3 - Variation of Flexural Properties

[} - = § 2 T‘v ':S T
= < .8 = s

& | 22T EG = 25 é
Es|e2fesg & |E:2
SZ | 0OZEEEERE | = ah&
1 10 40.625 25.864
2 20 45.250 29.525
3 30 43.625 29.026
4 40 33.500 24.000
5 50 27.167 19.030

Therefore, it can be concluded that both tensile
and flexural strength increases with the coir
weight fraction and optimum results are

observed when the coir weight fraction is
between 20% - 30% by total weight.

Further, the laminated timber boards,
plywoods and particleboards are mostly used
in the construction industry. According to Cai
et al. [44], laminated timber board exhibits the
highest flexural strength of 62.62 N/mm?.

35
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-
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Coir fraction by wt (%)

Figure 10 - Variation of Flexural Strength With
Coir Fraction

The plywood and particleboard panel products
show the maximum flexural strengths as 33.72
N/mm? and 15.17 N/mm?, respectively [44].
This study reveals that the flexural strength
observed for developed composite material
(29.85 N/mm?) is very close to the flexural
strength observed for plywood board (33.72
N/mm?). Hence, this data emphasize that the
created material's flexural strength is nearly
equal to the flexural property of the plywood
board.
4.3

the Fractured

SEM Analysis
Surface

on

Date :20 Jan 2020
Time :15:23:35

EHT = 10.00 KV
WD = 100 mm

Signat A=SE1
Mag= 150X

Figure 11 - Longitudinal SEM Micrographs of
Brown Coir Fiber in (a) 150 Magnification (b)
1000 Magnification
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Figure 11(a) exhibits the surface morphology of
raw coir fiber through Scanning Electronic
Microscopy in different magnitudes [45]. Figure
11(b) illustrates irregular surface, impurities
and presence of a cerumen layer covering the
fiber. However, the interfacial adhesion
between the fiber and the polymer matrix is
directly influenced by surface features such as
surface roughness, pore size, chemical content
and homogenization of the dispersion with the
polymer matrix. These factors play a major role
in the mechanical performance of a composite
and its interlocking behavior [46], [47].

A similar study carried out by Singh [48]
highlighted that gaps were visible between

fiber surface and matrix material and this gap
arises due to insufficient physical bonding
between the coir fiber and polymer matrix.
Similarly, the presence of lignin and other waxy
components on the raw coir fiber prevents the
coir fiber from adhering to the polymer matrix,
resulting in poor fiber-matrix bonding.

Figure 12 - SEM Micrographs of the Fracture
Surface After Tensile Tests

The SEM images are shown in Figure 12 of the
fractured surface of composite material
undergone to the maximum tensile strength out
of series of test samples. Analysis was carried
out for sample No 3 which consists of a coir
weight fraction of 30%. Figure 12(a) depicts that
fibers have detached from the
matrix/polyethylene media and Figure 12(b)
shows the fiber pull-out state due to applied
stress.

The SEM results indicate that the adhesion
between fiber and matrix material was lost and
the failure process was dominated due to poor
interfacial bonding between fiber and matrix
material.

The surface morphology of the pull-out fibres
in Figure 12(b) shows a similar appearance to
the morphology of coir fibre given in Figure
11(a). It also implies that the bonding between
polyethylene and coir fiber is poor.

5. Conclusions

The present study was carried out to
investigate the suitability and possibility to use
coir fiber-reinforced waste thermoplastic
composites as a non structural partitioning
material in the building construction industry.

The hand layup process was employed to
produce this novel material from waste sources.
In this study, the composites were fabricated by
varying the fiber content with waste
polyethylene. The mechanical properties such
as tensile strength and bending strength for the
various composites were subsequently obtained
by testing.

The maximum tensile strength of coir fiber
composite is around 6.75 N/mm?2 The
maximum flexural strength is 29.85 N/mm?2.
Both tensile and flexural strength increase with
the coir weight fraction and optimum results
are exposed when the coir weight fraction is
between 20%- 30% of total weight. These results
conclude that the coir fraction influences the
properties of composite material.

The SEM analysis interprets the reason for the
failure of composite material as the poor
interfacial bonding between coir and waste
thermoplastic. These results conclude that
there is a requirement to introduce suitable
methods to enhance the interfacial bond
between fibre and matrix material. This will
cause to enhance the mechanical properties of
composite material.

Finally, when comparing the properties of the
available materials, it can be concluded that the
composite material developed in this study can
be utilized as a non structural partition board in
the construction industry with further
development. However, this study examined
only the tensile and flexural properties of
composites. The scope of this study is limited to
these two properties and did not incorporate
other mechanical parameters. Therefore, further
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studies are recommended to improve the
properties of composite partitioning boards.
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